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57 ABSTRACT 
A support device for supporting a supported structure 
above a supporting structure, in which a ball (2) is rotat 
ably held at the top of a first component (A) disposed on 
the side of either one of the supporting structure and the 
supported structure, and a second component (B) is so 
supported that this ball can be in rolling contact with a 
concave surface (3) of the second component, which is 
disposed in contact with the side of the other of sup 
ported structure and the supporting structure. On the 
outer side of the first component (A), a support cylinder 
(11) is slidably fitted, and this support cylinder (11) and 
the second component (B) are hinge-coupled by a paral 
lel-linkage mechanism. The support cylinder (11) is 
pulled toward one of the sides by a pulling mechanism, 
the ball (2) and the concave surface (3) of the second 
component being pressed into contact, and the centripe 
tal force acting between the ball and the concave sur 
face is utilized to stably hold the supported structure in 
a normal position on the supporting structure. This 

3,906,689 9/1975 Nakayama ........................... 52/167 support device can be used as a support device of bodies 
of transportation facilities and architectural structures. FOREIGN PATENT DOCUMENTS 

2749654 5/1979 Fed. Rep. of Germany . 10 Claims, 12 Drawing Figures 
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1. 

SUPPORT DEVICE 

TECHNICAL FIELD 

This invention relates to cushion support devices and 
particularly to a three-dimensional support device 
which is so adapted that a spherical structure is held on 
a first component disposed on the side of either one of a 
supporting structure and a supported structure, and this 
spherical structure is placed in rolling contact with a 
concave surface of a second component disposed in 
contact with the side of the other of the supporting 
structure and the supported structure, the centripetal 
force acting mutually between the spherical structure 
and the concave surface being utilized to support the 
supported structure on the supporting structure. 

BACKGROUND ART 

In the case where, in the space above a supporting 
structure such as a fixed structure, an object to be sup 
ported (hereinafter referred to as a supported structure) 
is supported, suspension or cushion support devices are 
used in order to prevent direct transmission of vibration 
from the side of the fixed structure to the supported 
Structure. 

Further, suspension or cushion support devices are 
used also for preventing transmission of vibration gen 
erated from the supported structure directly to the fixed 
Structure. 

As a conventional support device of this kind, one in 
which compression coil spring is interposed between 
the supported structure and the supporting structure is 
known. However, this device in which a compression 
coil spring is used effectively absorbs vibrations trans 
mitted in the one-dimensional direction in which the 
spring elongates and contracts and can produce a cush 
ioning effect but cannot amply produce a cushioning 
effect with respect to vibrations in directions perpendic 
ular to that direction, and further, it also cannot readily 
return the supported structure to the prescribed original 
position in space. There are devices of the air-spring 
type in which an air-pressure cylinder is used in place of 
a compression coil spring, but similarly as in a device 
using a compression coil spring, it merely absorbs only 
vibrations transmitted in the direction in which the air 
spring elongates and contracts, and, with respect to 
movements in directions perpendicular thereto, the 
supported structure is placed in an unstable state. 
For solving these problems, there is a device in which 

coil springs are assembled in three-dimensional direc 
tions in order to intercept vibrations transmitted in the 
three-dimensional directions. However, a device of this 
kind has had drawbacks such as that the places of instal 
lation of the coil springs increase, whereby the con 
struction becomes complicated, and, furthermore, it is 
difficult to cause the supported structure to return to its 
original position and to become stabilized. 

Accordingly, an object of this invention is to provide 
a support device adapted to isolate a supported struc 
ture from the effects of vibrations extending in three-di 
mensional directions thereby to support stably the sup 
ported structure in the space above a supporting struc 
ture. 

Further, another object of this invention is to provide 
a support device so adapted that an elastically sup 
ported structure readily returns to the original position 
and can readily maintain stability of the attitude. 
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DISCLOSURE OF THE INVENTION 

More specifically, this invention is one constituted by 
having a first component disposed on the side of either 
one of a supporting structure and a supported structure, 
a second component disposed on the side of the other 
and provided with a concave surface, a spherical struc 
ture held by said first component and being in rollable 
contact with the concave surface of the second compo 
nent, an elastic support mechanism elastically support 
ing either one of said first component and second com 
ponent on a confronting support surface, a holding 
mechanism of the second component held in a manner 
to be slidable along the outer side of said first compo 
nent and hinge-coupled to said second component, and 
a pulling mechanism for pulling said second component 
in one direction so that said concave surface and spheri 
cal structure will be in pressing contact. 

Furthermore, this invention is so constituted and 
adapted that the holding mechanism is provided with a 
support cylinder slidable on the outer side of the first 
component which support cylinder and the second 
component are coupled by a plurality of link bars of 
equal length, these link bars being coupled at both their 
ends by way of universal joints, whereby the second 
component can move parallelly while maintaining 
contact with the spherical structure. 
By this invention constituted in this manner, vibra 

tions in the direction perpendicular to the support sur 
face of a supported structure supported on a supporting 
structure are damped by an elastic support spring. Fur 
ther, even in the case where a vibration imparting force 
in a direction parallel to the support surface is applied to 
the supported structure, since the second component 
and the support cylinder are hinge-coupled by way of 
link bars, which are freely coupled, the vibration im 
parting force in the direction parallel to the support 
surface is not transmitted directly to the supported 
structure because of the law of inertia. Furthermore, in 
the case where a relative displacement develops in a 
direction parallel to the support surface between the 
first component and the second component, the spheri 
cal structure rolls on the concave surface of the second 
component, but at this time a centripetal force acts 
between the two and a force urging the supported struc 
ture to return to the original position is imparted to 
cause the supported structure to return to the original 
position, and the supported structure can be stably sup 
ported and held. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view showing one example of the 
support device according to this invention; 
FIG. 2 is a side view of the same support device; 
FIG. 3 is a cross section along the line III-III of 

FIG. 2; 
FIG. 4 is a vertical section of the support device 

shown as being cut along the line IV-IV of FIG. 1; 
FIGS. 5 through 9 are vertical sections showing the 

support device under various loading conditions; 
FIGS. 10 through 12 are explanatory views indicat 

ing specific concrete examples of use of the support 
device according to the invention. 
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BEST MODE OF PRACTICING THE 
INVENTION 

In order to describe this invention in even greater 
detail, it will be described below in accordance with the 
accompanying drawings. 
As illustrated in FIGS. 1 through 4, the support de 

vice according to this invention has a ball-retaining 
structure A (first component), and this ball-retaining 
structure A is elastically supported by way of an elastic 
support mechanism 1 on a supporting structure a as a 
fixed structure. On the upper part of the above men 
tioned ball-retaining structure A, a seat plate B (second 
component) is loaded by way of a spherical structure or 

5 

10 

ball 2 which is rotatably held. In the lower surface of 15 
the above mentioned seat plate B, a concave surface 3 is 
formed. This concave surface 3 is formed preferably by 
an inner revolution paraboloidal surface which is sym 
metrical with respect to the central axis but is not thus 
limited, being satisfactory as long as it is an inner surface 
of revolution converging at the central axis. The above 
mentioned ball 2 is pushed upward by way of the ball 
retaining structure A by the spring force of the spring 
support mechanism and is pressed against the concave 
surface 3, whereupon the ball 2 is subjected to a centrip 
etal force toward the center of the concave surface 3, 
and the two tend to become stable at a position where 
the center of the ball 2 and the center of the concave 
surface 3 conincide. 

Further, the above mentioned seat plate B is formed 
from a rigid material into a planar shape which is sub 
stantially a square and has at its upper part a supporting 
surface 6 for abutting against a supported structure b. 
The above mentioned ball-retaining structure A has a 

ball-support head 8 provided on its upper face with a 
semispherical socket 7, and the ball 2 is rotatably sup 
ported in this socket 7. To the central part of the lower 
face of this ball-support head 8 is fixed a downwardly 
extending rod 9, at the lower end of which a stop flange 
9a is fixed. Furthermore, around the periphery of the 
lower end of the ball-support head 8 is integrally fixed 
a hollow-cylindrical guide piston 10 of thin wall thick 
ness. This guide piston 10 is fitted in a manner permit 
ting it to slide in the axial direction within a support 
cylinder 11. 
Between the above mentioned ball-support head 8 of 

the ball-retaining structure A and the supporting struc 
ture a, a main spring 13 of compression coil spring type 
is interposedly installed, and on the inner side of this 
main spring 13 is coaxially disposed a cylindrical mem 
ber 12. This cylindrical member 12 is fixed at its lower 
end relative to the supporting structure a and is closed 
at its upper end by an upper end plate 12a, through 
which the aforementioned rod 9 is inserted. At the end 
of this rod 9, there is provided the stop flange 9a. By the 
abutting of this stop flange 9a against the upper end 
plate 12a, the ascent limiting position of the ball-retain 
ing structure A is set. 
The aforedescribed seat plate B and support cylinder 

11 are hinge coupled by four support links 14 constitut 
ing a parallel-link mechanism. The lower ends of these 
support links 14 are coupled by way of universal joints 
15 to a flange 16 of the support cylinder 11, and the 
upper ends of these support links 14 are similarly cou 
pled by way of universal joints 18 to the lower face of 
the seat plate B. As will be apparent from FIG. 1, the 
connected ends of these four support links 14 are dis 
posed at positions corresponding to the angular points 
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4 
(or corners) of squares, and, as a result, the seat piate B 
can move in all directions within a horizontal plane 
including the X axis and the Y axis in FIG. 1 while its 
supporting surface 6 is maintained horizontal. 
On one hand, from the lower surface of the flange 6 

of the above described support cylinder 11, four tension 
rods 19 respectively extend vertically, and to the axial 
ends of these tension rods 19 are fixed spring retainers 
20. These spring retainers 20 are accommodated within 
fixed cylinders 24 having end walls 23, and these fixed 
cylinders 24 are fixed at their lower ends relative to the 
support surfaces of the supporting structure a and, at the 
same time, are disposed at four positions so as to contact 
the outer peripheral surface of the above described 
support cylinder 11. As a result, the support cylinder 11 
is permitted to undergo movement only in the axial 
direction of the cylinder, and movement in the radial 
direction is restrained. 

Furthermore, between the above mentioned spring 
retainers 20 and end walls 23, tension springs 21 are 
interposed and pull the tension rods 19 downward, 
thereby pulling the support cylinder 11 toward the 
supporting structure a and causing, by way of the Sup 
port links 14, the seat plate B to be in pressing contact 
with the ball 2. 

Because this invention is constituted as described 
above, an object b is placed as a supported structure on 
the seat plate B, the main Spring 13 is compressed in 
accordance with the weight of the object, and the seat 
plate B descends and comes to rest at a position where 
the weight due to the object and the spring force of the 
main spring 13 balance. FIGS. 5 through 7 are compari 
sons of cases wherein there are no elongations and con 
tractions of the main spring 13 in the X-Y directions and 
there are elongations and contractions in the Z direc 
tion, FIG. 5 indicating the state wherein the seat plate B 
is at its lowest position under a great load, FIG. 6 indi 
cating the state wherein the seat plate B is at the muddle 
under a medium load, and FIG. 7 indicating the state 
wherein the seat plate B is at its highest position under 
a small load. Also, in each of these states, since an out 
side force does not act in an X-Y direction between the 
supporting structure and the supported structure, the 
ball 2 is held at a position where it is in register with the 
center of the concave surface 3. 

Next, a case where a vibration-applying force acts in 
an X-Y direction between the support structure a and 
the supported structure b, whereby the two structures 
tend to undergo displacement relative to each other will 
be described with reference to FIGS. 8 and 9. FIG. 8 
indicates the case where the ball 2 and the center of the 
concave surface 3 are relatively displaced in the X di 
rection by R, in which case the ball 2 is pushed down in 
the Z direction by h while it rolls along the concave 
surface 3 and compresses the main spring 13 by that 
much. Then, the ball receives the action of the spring 
force of the main spring 13 and presses the contact 
surface with the concave surface 3 perpendicularly in 
the arrow direction P, and the component force Px in 
the X direction of this pressing force acts as a centripe 
tal force, whereby the ball 2 receives a centripetal force 
in the direction for registering with the center of the 
concave surface 3, thereby being restored to its original 
position as shown in FIG. 9. 

In this connection, the scope of elongation and con 
traction of the ball 2 relative to the X-Y directions is the 
range of the radius R= VX?-- Y2 with (X=0, Y =0) of 
FIG. 1 as the center. 
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While, in the above described example, the first com 
ponent (A) is elastically supported on a supporting sur 
face by the main spring 13, this invention is not intended 
to be limited in this manner, and an arrangement 
wherein the first component (A) is integrally fixed rela 
tive to the supporting structure or the supported struc 
ture on one hand, and the main spring 13 is disposed on 
the second component (B) side to elastically support the 
second component on the support surface may be used. 

Next, specific examples of use in concrete form of the 
support device according to this invention will be de 
scribed with reference to FIGS. 10 through 12. 
The example shown in FIG. 10 is an example in 

which an object in the shape of a rectangular parallel 
epiped such as a building is supported by means of four 
support devices 32 on the ground 31. 
The example shown in FIG. 11 is an example in 

which a tall object 34 such as a high-rise building is 
supported in a pit 33 by the use of support devices 32. In 
this case, the support devices 32 are installed on both 
the bottom face and side faces of the object 34. 

Further, the example shown in FIG. 12 indicates an 
example in which a plurality of bridge beams or girders 
35 are laid on bridge piers 36, and support devices 32 are 
installed between the beams 35 and the piers 36 and 
between the piers 36 and the ground 37. 

In addition to these examples of use, this invention is 
highly suitable also for cases wherein it is incorporated 
between the bogies or chassises and the bodies of rail 
way rolling stock and motor vehicles thereby to obtain 
vibration proofing effect. 

INDUSTRIAL APPLICABILITY 

As described above, the support device according to 
this invention is suitable for devices for supporting a 
structure on a fixed installation surface while isolating 
the structure from vibration, for supporting bridge 
beams or bridge piers, and for supporting car bodies on 
bogies or chassises in transportation facilities. 

I claim: 
1. A support device constituted by having a first 

component disposed on the side of either one of a sup 
porting structure and a supported structure, a second 
component disposed on the side of the other and pro 
vided with a concave surface, a spherical structure held 
by said first component and being in rollable contact 
with the concave surface of the second component, an 
elastic support mechanism elastically supporting either 
one of said first component and second component on a 
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6 
along the outer side of said first component and hinge 
coupled to said second component, and a pulling mech 
anism for pulling said second component in one direc 
tion so that said concave surface and spherical structure 
will be in pressing contact. 

2. A support device of claim 1 characterized in that 
the concave surface of said second component is a pa 
raboloid of revolution converging with respect to the 
central axis. 

3. A support device of claim 1 characterized in that 
said first component has a support head provided with 
a semispherical socket and a guide piston of cylindrical 
shape formed integrally with this support head, and said 
spherical structure is adapted to be held rotatably 
within said socket. 

4. A support device of claim 1 characterized in that 
said elastic support mechanism comprises an elastic 
support spring of said coil spring type interposed be 
tween said first component and the supporting structure 
or a support surface of the supported structure. 

5. A support device of claim 3 characterized in that a 
rod extends from the support head of said first compo 
nent, and at the outer end of this rod a stop member is 
provided and is adapted to limit the ascending position 
of the first component. 

6. A support device of claim 1 characterized in that 
the holding mechanism has a support cylinder fitted in 
a manner to be slidable in the axial direction on the 
outer side of the guide piston of said first component 
and at least three support links hinge-coupling this sup 
port cylinder and said second component. 

7. A support device of claim 6 characterized in that 
said support links comprise four link bars of equal 
length disposed at equal space intervals. 

8. A support device of claim 7 characterized in that 
both ends of the link bars of said support links are cou 
pled by way of universal joints with respect to said 
second component and support cylinder. 

9. A support device of claim 8 characterized in that, 
on the outer side of said support cylinder, a plurality of 
fixed cylinders are disposed so as to contact externally 
and permit movement only in the axial direction of the 
support cylinder, restraining movement in the radial 
direction. 

10. A support device of claim 1 characterized in that 
said pulling mechanism comprises tension rods coupled 
at one end to a flange of the support cylinder and ex 
tending within said fixed cylinders and tension springs 
acting on these tension rods thereby to pull the second 
component toward the spherical structure. 
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